Mediterranean diet and health-related quality of life in two cohorts of community-dwelling older adults by Pérez-Tasigchana, Raúl F. et al.
RESEARCH ARTICLE
Mediterranean Diet and Health-Related
Quality of Life in Two Cohorts of Community-
Dwelling Older Adults
Raúl F Pérez-Tasigchana, Luz M. León-Muñoz, Esther López-García, José R. Banegas,
Fernando Rodríguez-Artalejo, Pilar Guallar-Castillón*





In older adults, the Mediterranean diet is associated with lower risk of chronic diseases, but
its association with health-related quality of life (HRQL) is still uncertain. This study
assessed the association between the Mediterranean diet and HRQL in 2 prospective
cohorts of individuals aged60 years in Spain.
Methods
The UAM-cohort (n = 2376) was selected in 2000/2001 and followed-up through 2003. At
baseline, diet was collected with a food frequency questionnaire, which was used to
develop an 8-item index of Mediterranean diet (UAM-MDP). The Seniors-ENRICA cohort (n
= 1911) was recruited in 2008/2010 and followed-up through 2012. At baseline, a diet his-
tory was used to obtain food consumption. Mediterranean diet adherence was measured
with the PREDIMED score and the Trichopoulou’s Mediterranean Diet Score (MSD). HRQL
was assessed, at baseline and at the end of follow-up, with the physical and mental compo-
nent summaries (PCS and MCS) of the SF-36 questionnaire in the UAM-cohort, and the
SF-12v.2 questionnaire in the Seniors-ENRICA cohort. Analyses were conducted with lin-
ear regression, and adjusted for the main confounders including baseline HRQL.
Results
In the UAM-cohort, no significant associations between the UAM-MDP and the PCS or the
MCS were found. In the Seniors-ENRICA cohort, a higher PREDIMED score was associ-
ated with a slightly better PCS; when compared with the lowest tertile of PREDIMED score,
the beta coefficient (95% confidence interval) for PCS was 0.55 (-0.48 to 1.59) in the second
tertile, and 1.34 (0.21 to 2.47) in the highest tertile. However, the PREDIMED score was
non-significantly associated with a better MCS score. The MSD did not show an association
with either the PCS or the MCS.
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Conclusions
No clinically relevant association was found between the Mediterranean diet and HRQL in
older adults in Spain.
Introduction
In older adults, several cohort studies have shown that greater adherence to the Mediterranean
diet is associated with lower mortality.[1–3] Moreover, the Mediterranean diet has been linked
to lower risk of death among the elderly surviving a myocardial infarction.[4] There is also evi-
dence that this dietary pattern is associated with reduced risk of cardiovascular diseases,[5]
cancer, and depression,[6;7] although most of these studies were not conducted specifically in
older adults.
As the population gets older, health outcomes like health-related quality of life (HRQL) or
life satisfaction become progressively more important.[8] Thus, for many older adults who
already have one or several chronic diseases, the subjective impact of the improvement or dete-
rioration of their physical or mental health can be as important as a diagnosis of a new medical
condition.
However, only a few studies have examined the association of a whole dietary pattern with
HRQL in adults. A small substudy of the DASH trial assessed the effect of a "combination diet",
which emphasized fruits, vegetables and low-fat dairy products, versus the typical American
diet; after 8 weeks of follow-up the 28 participants randomly assigned to the "combination diet"
modestly improved their HRQL compared to the control group.[9] In addition, three observa-
tional studies have found a slightly better HRQL associated with the Mediterranean diet.[10–
12] However, two of these studies were of a cross-sectional design and included individuals
over the age of 35. [10;12] And the third one was based on a prospective follow-up of relatively
young subjects (mean age around 40) but did not assess HRQL at baseline;[11] thus, the benefi-
cial effect of the Mediterranean diet on HRQL could be partly due to differences in baseline
physical and mental health status across categories of adherence to the Mediterranean diet.
To our knowledge, this is the first prospective study to examine the association between the
Mediterranean diet and HRQL in older adults; it used data from two cohorts of elderly people
with measures of diet at baseline, and measures of HRQL at baseline and at the end of follow-up.
Methods
Study design and participants
We analyzed data from two cohorts of community-dwelling individuals aged60 years in
Spain. The first one was the UAM-cohort, including 4008 individuals selected in 2000–2001.
[13;14] Information was collected at the participants’ homes by personal interview and a physi-
cal examination, performed by trained staff. In 2003, an attempt was made to contact the study
participants again; contact was successful in 3235 (80.7%) individuals and the information was
obtained by a phone interview. The second cohort was the Seniors-ENRICA, which included
2519 individuals recruited in 2008–2010 who underwent a personal interview and a physical
exam, and provided blood and urine samples in their households.[15;16] In 2012, 2037 (80.9%)
participants were contacted again and reported updated information through a phone
interview.
Participants in both cohorts gave written informed consent. Both studies were approved by
the Clinical Research Ethics Committee of La Paz University Hospital in Madrid.
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Study variables
Diet. In the UAM-cohort diet information was obtained by a simplified 14-item food fre-
quency questionnaire, based on a validated instrument, which included standard portions of
foods and the following response categories: every day, three to five days per week, one to two
days per week, or never.[17;18] This information was used to construct a Mediterranean die-
tary pattern index (UAM-MDP) comprising 8 items, where individuals were assigned +1 point
for each one of the following dietary consumptions: fruit every day, vegetables every day, whole
grains every day, vegetable oils every day, and fish at least three days per week. Moderate alco-
hol consumption, defined as an intake of<30 g/day of alcohol in men and<20 g/day in
women, also scored +1. Participants scored -1 point for each one of the following consump-
tions: red or processed meat every day, and animal fats (butter, lard, etc.) every day. The index
ranges from -2 to 6, and a lower score indicates a less healthy diet.
In the Seniors-ENRICA cohort, diet was measured with a computerized and validated diet
history developed from that used in the EPIC-cohort in Spain.[19;20] Adherence to the Medi-
terranean diet was assessed with the PREDIMED score [21] and the Trichopoulou’s Mediterra-
nenan Diet score (MSD).[22] The PREDIMED score of 14 items. Twelve of them with food
consumption targets (olive oil as the principal source of fat for cooking,>3 tablespoons of
olive oil/day,2 serving/day of vegetables,3 servings/day of fruit,<1 serving/day of red
meat,<1 serving/day of butter or margarine,<1 serving/day of sugar-sweetened beverages,
1 cup/day of wine,3 servings/week of legumes,3 servings/week of fish,<2 servings/week
of commercial pastry,3 servings/week of nuts), and two additional items with targets for con-
sumption habits characteristic of the Mediterranean diet in Spain: preference for white meat
over red meat, and2 times/week consumption of dishes with sofrito (a tomato sauce with gar-
lic, onion, or leeks sautéed in olive oil). A value of +1 was assigned to each target achieved. A
higher score indicates better Mediterranean diet adherence (range 0–14). In the MDS, the
intake of vegetables, legumes, fruits and nuts, grains, fish, and a high ratio of monounsatu-
rated/saturated fatty acids are considered beneficial, thus a value of 1 is assigned to a consump-
tion above the sex-specific median in the study sample; in contrast, intake of red meat and
poultry, and dairy products is considered detrimental, and a value of 0 is assigned to consump-
tion above the sex-specific median. Moderate alcohol consumption is also considered benefi-
cial: 1 point is assigned to intake of 10–50 g/day in men and 5–25 g/day in women. The range
in this index is 0 (lowest) to 9 (highest Mediterranean diet adherence).
HRQL. In the UAM-cohort, HRQL was measured with the Spanish version of the SF-36
questionnaire, which has shown good validity and reproducibility in the Spanish population.
[23–25] In the Seniors-ENRICA cohort, the Spanish version of the SF-12v2 was used. This is a
shortened version of the SF-36 which has also been validated in Spain.[26;27]
Both questionnaires measure eight dimensions of HRQL: physical function, physical role,
bodily pain, general health, vitality, social functioning, emotional role and mental health. Each
dimension has a score from 0 to 100. Information on the eight health dimensions can be sum-
marized by two global HRQL indicators: the physical component summary (PCS) and the
mental component summary (MCS). The PCS and MCS scores are standardized to a national
norm with a mean of 50 and a standard deviation of 10; this allows comparisons of the scores
for each study participant against the mean score in the Spanish population.[28;29] A higher
score in each of the eight dimensions and in the PCS and MCS indicates a higher HRQL.
Potential confounders. In the two cohorts, data on a number of potential confounders
were collected at baseline. Specifically, information was obtained on age, sex, level of education
(primary or lower, secondary, and university studies), and tobacco smoking (never-, current-,
and former-smoker). Weight, height and waist circumference were measured by trained staff
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using standardized techniques with the subject barefoot and wearing light clothing. Body mass
index was calculated as weight in kg divided by squared height in m, and grouped into three
categories: normal weight (25 kg/m2), overweight (25–29.9 kg/m2), and obesity ( 30 kg/
m2). Abdominal obesity was defined as waist circumference>102 cm in men and>88 cm in
women. In the UAM-cohort, a single question was used to obtain leisure time physical activity,
which was classified as none, occasional physical activity, and regular physical activity.[30] In
the Seniors-ENRICA, activity in leisure time was obtained with the questionnaire developed by
the EPIC-cohort in Spain and was expressed in METs h/week.[31] Individuals were also asked
about the time spent watching television (hours/week).
In each cohort, blood pressure was measured with validated tensiometers under standard-
ized conditions, and hypertension was defined as systolic pressure140 mmHg, diastolic pres-
sure90 mmHg or use of antihypertensive drugs. In the UAM-cohort, individuals reported
whether they had ever been diagnosed by a physician with any of the following diseases: diabe-
tes mellitus, hypercholesterolemia, coronary heart disease, stroke, cancer at any site, and
depression requiring drug treatment. In the Seniors-ENRICA cohort, we collected data on the
same diseases, though information on diabetes mellitus and hypercholesterolemia was also
based on laboratory determinations. Specifically, diabetes mellitus was defined as serum glu-
cose126 mg/dl or use of antidiabetic drugs, and hypercholesterolemia as the total serum cho-
lesterol200 mg/dl or use of lipid-lowering drugs.
Statistical analysis
From a total of 3235 participants in the UAM-cohort study, 853 were excluded for lack of
information on HRQL, and 6 for missing values in other covariates. Thus, the final analyses
were performed with 2376 participants. Subjects included in the analyses did not differ signifi-
cantly from those not included in any sociodemographic or lifestyle-related characteristics,
except for the average number of chronic diseases, which was a somewhat higher among the
former subjects. For the Seniors-ENRICA cohort, from a total of 2037 participants, 80 were
excluded for inadequate information on diet, and 46 for missing values in HRQL. Thus, the
final analyses were performed with 1911 participants. In the Seniors-ENRICA cohort, and
compared to individuals included in the analyses, those not included were less often males,
were slightly older and had more frequent chronic conditions
The association between adherence to the Mediterranean diet and quality of life was sum-
marized with beta coefficients and their 95% confidence interval (CI) obtained from linear
regression. In these models, the dependent variable was the PCS or the MCS at the end of fol-
low-up, and the main independent variable was adherence to the Mediterranean diet, modeled
in tertiles of the score on the UAM-MDP, the PREDIMED or the MDS. A 3-point difference in
the beta coefficient for the component summaries of HRQL was considered as clinically rele-
vant.[26;28] Further analyses were performed using each of the eight subscales of the SF-36
and the SF-12 as the dependent variable. All the regression models were adjusted for the above
mentioned confounders and for the appropriate HRQL component summary or subscale at
baseline.
We assessed whether the study association varied with baseline HRQL (above or below the
median), smoking status, physical activity, and morbidity by comparing models with and with-
out interaction terms using the likelihood ratio test. Morbidity was defined as the presence of
any of the following diseases: diabetes, hypercholesterolemia, coronary heart disease, stroke,
cancer, and depression.
A two-sided p-value<0.05 was considered statistically significant. Analyses were performed
with Stata v.11.
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Results
In the UAM-cohort, those with greater adherence to the Mediterranean diet were more often
women, had higher education, performed more physical activity, and more frequently had
hypercholesterolemia. In the Seniors-ENRICA cohort, those with higher scores in the PRE-
DIMED and MDS had lower body mass index, and less often suffered from abdominal obesity
and diabetes (Table 1).
At baseline, the adjusted mean scores of the summaries and subscales of quality of life in
each cohort were similar among those with the lowest and the highest adherence to the Medi-
terranean diet; the single exception occurred in the UAM-cohort, where those in the highest
tertile of UAM-MDP had a lower score in the bodily pain subscale (Table 2).
Table 1. Baseline characteristics of the participants in the UAM-cohort and in the Seniors-ENRICA cohort, according to tertiles of adherence to
the Mediterranean diet.
UAM-cohort (n = 2376) Seniors-ENRICA cohort (n = 1911)
UAM-MDP Score PREDIMED Score MDS Score
Tertile 1 Tertile 3 p Tertile 1 Tertile 3 p Tertile 1 Tertile 3 p
n 966 656 813 458 1000 465
Age, mean (SD) 70.3 (7.0) 69.9 (6.5) 0.420 68.4 (6.4) 68.5 (5.7) 0.424 68.6 (6.2) 68.1 (5.9) 0.376
Males, n (%) 416 (43.1) 305 (46.6) 0.020 443 (54.5) 246 (53.7) 0.000 521 (52.1) 168 (36.3) 0.000
Educational level, n (%)
Primary or less 819 (84.7) 508 (77.5) 0.003 419 (51.5) 232 (50.7) 0.034 533 (53.3) 250 (54.0) 0.979
Secondary studies 81 (8.4) 61 (9.2) 215 (26.4) 120 (26.2) 248 (24.8) 117 (25.3)
University 66 (6.8) 86 (13.1) 179 (22.0) 106 (23.1) 219 (21.9) 96 (2.7)
Tobacco consumption, n (%)
Never smoker 628 (64.9) 415 (63.4) 0.046 446 (58.9) 263 (57.4) 0.000 574 (57.4) 304 (65.7) 0.046
Former smoker 239 (24.7) 178 (27.1) 283 (34.8) 162 (35.4) 338 (33.8) 126 (27.2)
Current smoker 99 (10.3) 61 (9.4) 84 (10.3) 33 (7.2) 88 (8.8) 33 (7.1)
Body mass index kg/m2, mean (SD) 29.3 (4.5) 29.0 (4.1) 0.421 28.8 (4.4) 28.1 (4.2) 0.011 28.8 (4.3) 27.9 (4.1) 0.000
Abdominal obesity, n (%) 915 (94.6) 616 (94.6) 0.697 494 (60.7) 233 (50.8) 0.003 605 (60.5) 250 (54.0) 0.009
Leisure time physical activity, n (%)
None 407 (42.1) 224 (34.1) 0.011
Occasional 524 (54.2) 393 (60.0) - - - - -
Regular 35 (3.6) 39 (5.8) - - - - -
METs h/week, mean (SD) - - - 21.0 (15.3) 23.8 (15.8) 0.004 21.4 (15.2) 22.1 (14.6) 0.285
Time watching TV, (h/week) mean (SD) - - - 18.4 (11.9) 16.3 (9.3) 0.032 18.0 (11.5) 17.8 (11.0) 0.275
Total energy intake kcal/day, mean (SD) - - - 2099 (594) 2065 (524) 0.000 2046 (586) 1977 (540) 0.101
Morbidity at baseline, n (%)
Hypertension 449 (46.4) 324 (49.3) 0.340 546 (67.1) 304 (66.3) 0.882 686 (68.6) 308 (66.5) 0.329
Diabetes 178 (18.4) 139 (21.1) 0.417 151 (18.5) 62 (13.5) 0.000 176 (17.6) 51 (11.0) 0.002
Hypercholesterolemia 251 (25.9) 215 (32.8) 0.001 596 (69.9) 314 (68.5) 0.276 689 (68.9) 336 (72.5) 0.235
Coronary heart disease 56 (5.7) 38 (5.8) 0.994 13 (1.6) 5 (1.9) 0.723 18 (1.8) 5(1.1) 0.192
Stroke 27 (2.8) 19 (2.8) 0.777 6 (0.7) 6 (1.3) 0.437 8 (0.8) 6 (1.3) 0.365
Cancer 9 (0.8) 14 (2.1) 0.055 16 (1.9) 8 (1.7) 0.941 21 (2.1) 6 (1.3) 0.510
Depression 116 (12.0) 56 (8.5) 0.056 68 (8.3) 24 (5.2) 0.038 85 (8.5) 32 (6.9) 0.575
Cut-off points for tertiles of the UAM-MDP score: tertile 1:  3, tertile 2: 4, tertile: 3  5 in men and women; Cut-off points for tertiles of de PREDIMED
score: tertil 1:  7, tertile 2: 8, tertile 3:  9 in men, and tertile 1:  6, tertil 2: 7 to 8, tertil 3: 9 in women. Cut-off points for tertiles of the MDS: tertile 1;
5, tertile 2: 6, tertile 3:  7 in men, and tertile 1:  4, tertile 2: 5, and tertile 3:  6 in women; SD: Standard Deviation; MET: Metabolic Equivalents; TV:
television. Abdominal obesity: waist circumference >102 cm in men and >88 cm in women.
doi:10.1371/journal.pone.0151596.t001
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In the UAM-cohort, the baseline score on the UAM-MDP index showed no association
with quality of life at the end of follow-up. When compared with the lowest tertile of
UAM-MDP, the beta coefficient (95% CI) for the PCS was 0.15 (-0.59 to 0.91) in tertile 2,
and -0.41 (-1.14 to 0.31) in tertile 3; for the MCS, the corresponding figures were -0.02
(-1.16 to 1.10) and 0.26 (-0.83 to 1.36).
In the Seniors-ENRICA cohort, a higher PREDIMED score was linked to slightly better
PCS; compared to those in the lowest tertile of PREDIMED, the beta coefficient (95% CI) was
0.55 (-0.48 to 1.59) for tertile 2, and 1.34 (0.21 to 2.47) in tertile 3. By contrast, no link to the
MCS was evidenced, and the corresponding figures were -0.25 (-1.31 to 0.80) and 0.56 (-0.58 to
1.71). Neither the MDS was associated with the PCS or with the MCS. When compared with
the lowest tertile of the MDS, the beta coefficient (95% CI) for the PCS was -0.44 (-1.53 to 0.65)
in tertile 2, and -0.36 (-1.53 to 0.71) in tertile 3; for the MCS, the corresponding figures were
0.61 (-1.51 to 1.72) and 0.60 (-0.50 to 1.70). Results were similar in analyses stratified by sex
(Table 3).
When the individual quality of life subscales were studied, no association was observed with
the score on the UAM-MDP or the MDS. However, those in the highest tertile of PREDIMED
reported somewhat better physical and social functioning; the corresponding beta coefficient
(95% CI) when tertile 3 was compared with tertile 1 was 3.97 (0.83 to 7.10) and 3.7 (1.13 to
6.32) (Fig 1).
Lastly, no statistically significant interactions were found when the analyses were stratified
by baseline HRQL (above or below the median), smoking status, physical activity, or morbidity
(data not shown).
Table 2. Baseline adjustedmean values for the component summaries and the subscales of the SF-36 in the UAM-cohort and of the SF-12 in the
Seniors-ENRICA cohort, according to tertiles of adherence to the Mediterranean diet.
UAM-cohort (n = 2376) Seniors-ENRICA cohort (n = 1911)
UAM-MDP score PREDIMED score MDS
Tertile 1 Tertile 3 Tertile 1 Tertile 3 Tertile 1 Tertile 3
Component summaries
Physical component summary, mean (SD) 45.5 (10.0) 44.3 (10.1) 45.9 (11.3) 46.2 (10.4) 45.7 (11.4) 46.3 (11.1)
Mental component summary, mean (SD) 48.9 (11.5) 49.7 (10.9) 52.2 (10.4) 52.1 (9.9) 52.4 (10.4) 52.5 (10.3)
HRQL subscales
Physical function, mean (SD) 71.7 (25.2) 72.1 (25.3) 76.9 (29.9) 78.4 (27.6) 76.2 (30.6) 79.0 (28.2)
Physical role, mean (SD) 78.3 (37.8) 75.2 (38.6) 82.9 (26.3) 82.8 (24.5) 82.5 (26.7) 84.0 (24.7)
Bodily pain, mean (SD) 72.0 (28.4) 68.7 (29.3) 77.7 (30.4) 79.1 (27.0) 78.3 (29.7) 79.4 (29.4)
General health, mean (SD) 56.9 (28.4) 60.1 (29.3) 51.5 (21.9) 51.3 (22.2) 51.3 (22.1) 51.1 (23.5)
Vitality, mean (SD) 62.4 (24.1) 63.9 (24.4) 71.1 (25.2) 72.3 (24.6) 71.0 (25.5) 73.0 (24.7)
Social function, mean (SD) 81.8 (25.9) 83.3 (25.1) 89.9 (22.7) 89.3 (22.1) 90.3 (22.7) 90.5 (21.2)
Emotional role, mean (SD) 86.2 (31.1) 85.7 (31.5) 88.0 (21.1) 87.6 (20.5) 88.3 (21.5) 88.6 (20.6)
Mental health, mean (SD) 68.2 (22.6) 70.2 (21.5) 76.8 (20.1) 77.4 (19.7) 77.2 (21.0) 78.1 (19.9)
SD: Standard Deviation; Means adjusted for sex, age, educational level (no formal or primary education, secondary education, university), tobacco
consumption (never smokers, former smokers, current smokers), body mass index kg/m2 (quartiles), abdominal obesity, hypertension, leisure-time
physical activity (none, occasional, regular in the UAM-cohort), METs-h/week (quartiles, in the Seniors-ENRICA cohort), time spent watching TV (quartiles
h/week, in the Seniors-ENRICA cohort), total energy intake (quartiles kcal/day, in the Seniors-ENRICA cohort), diabetes, hypercholesterolemia, coronary
heart disease, stroke, cancer, and depression.
doi:10.1371/journal.pone.0151596.t002
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Discussion
In 2 cohorts of community-dwelling older adults in Spain, we found no clinically relevant asso-
ciation between higher adherence to the Mediterranean diet and better HRQL after a few years
of follow-up.
Results were generally consistent in both cohorts despite the studies were performed 10
years apart, different instruments to measure HRQL were used, and 3 distinct indexes for mea-
suring the Mediterranean diet were computed. Although the 3 indexes focused on the con-
sumption of fruits, vegetables, meat and fish, the UAM-MDP index was based on normative
goals of consumption while the MDS used food consumption medians, which are population-
specific. Moreover, the PREDIMED score uses normative goals, emphasizes monounsaturated
fat intake, incorporates cooking techniques (e.g., sofrito), assesses consumption of sugary
drinks, and includes a greater number of items than the other two indexes.[32]
Our results were in line with those obtained in cross-sectional studies conducted in Spain and
in Greece with younger populations. In these studies, a greater adherence to the Mediterranean
diet was associated with better HRQL; however, the association was of small magnitude and it
did not reach the conventional limits of clinical relevance (>3 points).[10–12] Specifically, in a
study in Spain[10], an increase of 5 units in the adherence to the Mediterranean diet (range of
20) was associated with a 0.74-point higher MCS score on the SF-12 in men and a 1.5-point-
higher score in women In another study in Spain,11 where only the subscales of the SF-36 were
computed, a 1-point increase in the MDS was associated with better vitality [beta coefficient
Table 3. Beta coefficients (95% confidence interval) for the association between tertiles of adherence to the Mediterranean diet and the component
summaries of the SF-36 in the UAM-cohort and the SF-12 in the Seniors-ENRICA cohort.
Health-related
quality of life
UAM-cohort (n = 2376) Seniors-ENRICA cohort (n = 1911)
UAM-MDP score PREDIMED score MDS
Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
Physical component
summary











































































Model adjusted for sex, age, educational level (no formal or primary education, secondary education, university), tobacco consumption (never smokers,
former smokers, current smokers), body mass index kg/m2 (quartiles), abdominal obesity, hypertension, leisure-time physical activity (none, occasional,
regular in UAM-cohort, and quartiles METs-h/week in Seniors-ENRICA cohort), time spent watching TV (quartiles h/week, Seniors-ENRICA cohort), total
energy intake (quartiles kcal/day, Seniors-ENRICA cohort), prevalence of chronic diseases (diabetes, hypercholesterolemia, coronary heart disease,
stroke, cancer, and depression), and the appropriate baseline component summary of quality of life.
doi:10.1371/journal.pone.0151596.t003
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(95% CI): 0.50 (0.32–0.68)] and general health [0.44 (0.26–0.52)]. Finally, in a Greek study,[12] a
1-point increase in the MDS was linked to slightly higher score on the PCS [0.15 (0.06–0.24)]
and the MCS [0.33(0.18–0.49)] of the SF-36. However, these studies are difficult to compare
because of the different components of the dietary indexes used and the lack of normative cut-
offs for the intake of a specific food. In fact, in these studies the Mediterranean diet adherence
was based on the median intake of the different food groups, which are population-specific.
Several clinical trials have assessed the effect of dietary interventions promoting a healthy
diet on the HRQL of some types of patients. Specifically, a cholesterol-lowering diet did not
improve mood among hypercholesterolemic patients;[33] a low-fat, high-carbohydrate diet
did not improve HRQL among patients with high cardiovascular risk; [34] and a low-fat diet
intervention did not modify HRQL in women at high risk of breast cancer.[35] One possible
explanation for these results is that, for many people, the prescription of a healthy diet is per-
ceived as an unpleasant experience, which may counterbalance the beneficial health effects of
Fig 1. Beta coefficients (95% confidence interval) for the associations between the Mediterranean dietary pattern and the subscales of the SF-36 in
the UAM-cohort (2000/2001-2003) and of the SF-12 in the Seniors-ENRICA cohort (2008/2010-13). HRQL subscales: PF: Physical function, PR:
Physical role, BP: Bodily pain, GH: General health, VT: Vitality, SF: Social function, ER: Emotional role, MH: Mental health. Model adjusted for sex, age,
educational level (no formal or primary education, secondary education, university), tobacco consumption (never smokers, former smokers, current
smokers), body mass index kg/m2 (quartiles), abdominal obesity, hypertension, leisure-time physical activity (none, occasional, regular in UAM-cohort, and
quartiles METs-h/week in Seniors-ENRICA cohort), time spent watching TV (quartiles h/week, Seniors-ENRICA cohort), total energy intake (quartiles kcal/
day, Seniors-ENRICA cohort) and prevalence of chronic diseases (diabetes, hypercholesterolemia, coronary heart disease, stroke, cancer, and depression),
and the baseline subscale as appropriate.
doi:10.1371/journal.pone.0151596.g001
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these diets. Thus, efforts must be made to improve the palatability of healthy diets, for instance,
by increasing the quality of foods, their affordability, and by promoting cooking skills.
There are several mechanisms by which diet may affect health, including the reduction of
traditional cardiovascular risk factors,[36] the decrease of serum markers of inflammation,[37]
and improvement of endothelial function.[38] However, most of these effects, including those on
lowering blood pressure, cholesterolemia and glycemia, can be asymptomatic, and thus may have
a small impact on HRQL. By contrast, a high adherence to the Mediterranena diet index used in
this study has previously shown an inverse association with general mortality after 10 years of fol-
low-up in the UAM-cohort.[3] Consequently, regardless of its effects on HRQL, the Mediterra-
nean diet should be promoted among the elderly due to their benefits on other health variables.
Finally, the evidence of the influence of specific food components of the Mediterranean diet
on HRQL is still limited. Although several studies have examined the association of consump-
tion of fish,[39,40] fruit and vegetables,[41] and nuts[42]with HRQL, these investigations were
mostly cross-sectional or showed inconsistent results.[39,40] In addition, regular yogurt con-
sumption, that is also considered healthy, has not shown an association with improved HRQL
in a longitudinal study.[43]
Our study had several strengths. It used data from two independent cohorts, diet and
HRQL were measured with validated instruments, and analyses were adjusted for many poten-
tial confounders, including HRQL and morbidity at baseline.
This study also had some limitations. Information on HRQL was lacking for 853 subjects in
the UAM cohort, and its potential influence on study results is unknown. Also in both cohorts
diet was self-reported, which may result in some recall or social desirability bias and the ensu-
ing non-differential misclassification of diet; this and some inaccuracies in other self-reported
variables could have led to underestimate the association between the Mediterranean diet and
HRQL. Furthermore, in the UAM-cohort the consumption of vegetable oils but not of olive oil
was recorded, and olive oil is considered one of the main components of the Mediterranean
diet. However, olive oil is by far the oil most frequently used in Spain.[44] In addition, the SF-
36 and the SF-12 are generic HRQL questionnaires, and they cannot capture some aspects of
perceived health related to diet, such as satisfaction with food-related life,[45] the ability to eat
independently, the ability to buy and cook the own food, or food palatability.[8;46] Another
potential limitation, which is shared with many cohort studies, is the unverified assumption
that the dietary pattern registered at baseline is maintained throughout the follow-up; in fact
incident diseases could have led to dietary changes, so that the results might not entirely be due
to baseline diet. In addition, in both cohorts the duration of follow-up has been relatively short
(median 3.5 years). However, in clinical trials with the Mediterranean diet, improvements in
cardiovascular risk factors and in disease incidence and mortality were observed after a few
months of follow-up.[47;48] Notwithstanding this, a longer follow-up might be needed to
observe a beneficial effect of diet on HRQL. Finally, because the Mediterranean diet is part of
an overall lifestyle, a certain residual confounding cannot be ruled out. Also, maintaining a
good health throughout the aging process could lead to higher adherence to a Mediterranean
diet; thus, despite the longitudinal study design, the observed results could partly reflect reverse
causation.
In conclusion, although adherence to theMediterranean diet has been associated with lower
mortality among the elderly in someMediterranean countries, it does not seem to be associated with
a clinically relevant improvement in HRQL. However, since some aspects of the impact of diet on
HRQLmay not have been captured with the SF-36 and the SF-12 questionnaires, further research
should be conducted using comprehensive diet-specific HRQL questionnaires in the elderly.
Mediterranean Diet and Quality of Life
PLOS ONE | DOI:10.1371/journal.pone.0151596 March 23, 2016 9 / 12
Author Contributions
Conceived and designed the experiments: RFP-T PG-C. Performed the experiments: EL-G JRB
FR-A. Analyzed the data: RFP-T LML-M. Wrote the paper: RFP-T PG-C LML-M EL-G JRB
FR-A.
References
1. Trichopoulou A, Orfanos P, Norat T, Bueno-de-Mesquita B, Ocke MC, Peeters PH, et al. Modified Medi-
terranean diet and survival: EPIC-elderly prospective cohort study. BMJ 2005; 330(7498):991. PMID:
15820966
2. Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-Varela O, Menotti A, et al. Mediterranean
diet, lifestyle factors, and 10-year mortality in elderly European men and women: the HALE project.
JAMA 2004; 292(12):1433–1439. PMID: 15383513
3. Martinez-Gomez D, Guallar-Castillon P, Leon-Munoz LM, Lopez-Garcia E, Rodriguez-Artalejo F. Com-
bined impact of traditional and non-traditional health behaviors on mortality: a national prospective
cohort study in Spanish older adults. BMCMed 2013; 11:47. doi: 10.1186/1741-7015-11-47 PMID:
23433432
4. Trichopoulou A, Bamia C, Norat T, Overvad K, Schmidt EB, Tjonneland A, et al. Modified Mediterra-
nean diet and survival after myocardial infarction: the EPIC-Elderly study. Eur J Epidemiol 2007; 22
(12):871–881. PMID: 17926134
5. Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status: an updated
meta-analysis and a proposal for a literature-based adherence score. Public Health Nutr 2013;1–14.
6. Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, Schlatter J, Lahortiga F, Serra ML, et al. Associ-
ation of the Mediterranean dietary pattern with the incidence of depression: the Seguimiento Universi-
dad de Navarra/University of Navarra follow-up (SUN) cohort. Arch Gen Psychiatry 2009; 66
(10):1090–1098. doi: 10.1001/archgenpsychiatry.2009.129 PMID: 19805699
7. Rienks J, Dobson AJ, Mishra GD. Mediterranean dietary pattern and prevalence and incidence of
depressive symptoms in mid-aged women: results from a large community-based prospective study.
Eur J Clin Nutr 2013; 67(1):75–82. doi: 10.1038/ejcn.2012.193 PMID: 23212131
8. Amarantos E, Martinez A, Dwyer J. Nutrition and quality of life in older adults. J Gerontol A Biol Sci Med
Sci 2001; 56 Spec No 2:54–64. PMID: 11730238
9. Plaisted CS, Lin PH, Ard JD, McClure ML, Svetkey LP. The effects of dietary patterns on quality of life:
a substudy of the Dietary Approaches to Stop Hypertension trial. J Am Diet Assoc 1999; 99(8 Suppl):
S84–S89. PMID: 10450299
10. Munoz MA, Fito M, Marrugat J, Covas MI, Schroder H. Adherence to the Mediterranean diet is associ-
ated with better mental and physical health. Br J Nutr 2009; 101(12):1821–1827. doi: 10.1017/
S0007114508143598 PMID: 19079848
11. Henriquez SP, Ruano C, de Irala J, Ruiz-Canela M, Martinez-Gonzalez MA, Sanchez-Villegas A.
Adherence to the Mediterranean diet and quality of life in the SUN Project. Eur J Clin Nutr 2012; 66
(3):360–368. doi: 10.1038/ejcn.2011.146 PMID: 21847137
12. Bonaccio M, Di Castelnuovo A, Bonanni A, Costanzo S, de Lucia F, Pounis G, et al. Adherence to a
Mediterranean diet is associated with a better health-related quality of life: a possible role of high dietary
antioxidant content. BMJ Open 2013; 3(8).
13. Banegas JR, Rodriguez-Artalejo F, Ruilope LM, Graciani A, Luque M, de la Cruz-Troca JJ, et al. Hyper-
tension magnitude and management in the elderly population of Spain. J Hypertens 2002; 20
(11):2157–2164. PMID: 12409953
14. Leon-Munoz LM, Guallar-Castillon P, Banegas JR, Gutierrez-Fisac JL, Lopez-Garcia E, Jimenez FJ,
et al. Changes in body weight and health-related quality-of-life in the older adult population. Int J Obes
(Lond) 2005; 29(11):1385–1391.
15. Rodriguez-Artalejo F, Graciani A, Guallar-Castillon P, Leon-Munoz LM, Zuluaga MC, Lopez-Garcia E,
et al. Rationale and Methods of the Study on Nutrition and Cardiovascular Risk in Spain (ENRICA).
Rev Esp Cardiol (Engl Ed) 2011; 64(10):876–882.
16. Leon-Munoz LM, Guallar-Castillon P, Lopez-Garcia E, Rodriguez-Artalejo F. Mediterranean Diet and
Risk of Frailty in Community-Dwelling Older Adults. J AmMed Dir Assoc 2014.
17. Martin-Moreno JM, Boyle P, Gorgojo L, Maisonneuve P, Fernandez-Rodriguez JC, Salvini S, et al.
Development and validation of a food frequency questionnaire in Spain. Int J Epidemiol 1993; 22
(3):512–519. PMID: 8359969
Mediterranean Diet and Quality of Life
PLOS ONE | DOI:10.1371/journal.pone.0151596 March 23, 2016 10 / 12
18. Fernandez-Ballart JD, Pinol JL, Zazpe I, Corella D, Carrasco P, Toledo E, et al. Relative validity of a
semi-quantitative food-frequency questionnaire in an elderly Mediterranean population of Spain. Br J
Nutr 2010; 103(12):1808–1816. doi: 10.1017/S0007114509993837 PMID: 20102675
19. Relative validity and reproducibility of a diet history questionnaire in Spain. I. Foods. EPIC Group of
Spain. European Prospective Investigation into Cancer and Nutrition. Int J Epidemiol 1997; 26 Suppl 1:
S91–S99. PMID: 9126537
20. Guallar-Castillon P, Sagardui-Villamor J, Balboa-Castillo T, Sala-Vila A, Ariza Astolfi MJ, Sarrion
Pelous MD, et al. Validity and reproducibility of a Spanish dietary history. PLoS One 2014; 9(1):
e86074. doi: 10.1371/journal.pone.0086074 PMID: 24465878
21. Schroder H, Fito M, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado J, et al. A short
screener is valid for assessing Mediterranean diet adherence among older Spanish men and women. J
Nutr 2011; 141(6):1140–1145. doi: 10.3945/jn.110.135566 PMID: 21508208
22. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a Mediterranean diet and survival
in a Greek population. N Engl J Med 2003; 348(26):2599–2608. PMID: 12826634
23. Alonso J. Manual de puntuación de la versión española del cuestionario de salud SF-36. Barcelona:
Unitat de recerca en serveis sanitarias. Institud Municipal d'Investigació Médica; 2000.
24. Alonso J, Prieto L, Anto JM. [The Spanish version of the SF-36 Health Survey (the SF-36 health ques-
tionnaire): an instrument for measuring clinical results]. Med Clin (Barc) 1995; 104(20):771–776.
25. Alonso J, Regidor E, Barrio G, Prieto L, Rodriguez C, de la Fuente L. [Population reference values of
the Spanish version of the Health Questionnaire SF-36]. Med Clin (Barc) 1998; 111(11):410–416.
26. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and pre-
liminary tests of reliability and validity. Med Care 1996; 34(3):220–233. PMID: 8628042
27. Schmidt S, Vilagut G, Garin O, Cunillera O, Tresserras R, Brugulat P, et al. [Reference guidelines for
the 12-Item Short-Form Health Survey version 2 based on the Catalan general population]. Med Clin
(Barc) 2012; 139(14):613–625.
28. Vilagut G, Valderas JM, Ferrer M, Garin O, Lopez-Garcia E, Alonso J. [Interpretation of SF-36 and SF-
12 questionnaires in Spain: physical and mental components]. Med Clin (Barc) 2008; 130(19):726–
735.
29. Lopez-Garcia E, Banegas JR, Graciani Perez-Regadera A, Gutierrez-Fisac JL, Alonso J, Rodriguez-
Artalejo F. [Population-based reference values for the Spanish version of the SF-36 Health Survey in
the elderly]. Med Clin (Barc) 2003; 120(15):568–573.
30. Balboa-Castillo T, Guallar-Castillon P, Leon-Munoz LM, Graciani A, Lopez-Garcia E, Rodriguez-Arta-
lejo F. Physical activity and mortality related to obesity and functional status in older adults in Spain. Am
J Prev Med 2011; 40(1):39–46. doi: 10.1016/j.amepre.2010.10.005 PMID: 21146766
31. Pols MA, Peeters PH, Ocke MC, Slimani N, Bueno-de-Mesquita HB, Collette HJ. Estimation of repro-
ducibility and relative validity of the questions included in the EPIC Physical Activity Questionnaire. Int J
Epidemiol 1997; 26 Suppl 1:S181–S189. PMID: 9126546
32. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, et al. Mediterranean diet pyra-
mid today. Science and cultural updates. Public Health Nutr 2011; 14(12A):2274–2284. doi: 10.1017/
S1368980011002515 PMID: 22166184
33. Wardle J, Rogers P, Judd P, Taylor MA, Rapoport L, Green M, et al. Randomized trial of the effects of
cholesterol-lowering dietary treatment on psychological function. Am J Med 2000; 108(7):547–553.
PMID: 10806283
34. SorensenM, Anderssen S, Hjerman I, Holme I, Ursin H. The effect of exercise and diet on mental health
and quality of life in middle-aged individuals with elevated risk factors for cardiovascular disease. J
Sports Sci 1999; 17(5):369–377. PMID: 10413264
35. Hislop TG, Bajdik CD, Balneaves LG, Holmes A, Chan S, Wu E, et al. Physical and emotional health
effects and social consequences after participation in a low-fat, high-carbohydrate dietary trial for more
than 5 years. J Clin Oncol 2006; 24(15):2311–2317. PMID: 16710029
36. Domenech M, Roman P, Lapetra J, Garcia de la Corte FJ, Sala-Vila A, de la Torre R, et al. Mediterra-
nean diet reduces 24-hour ambulatory blood pressure, blood glucose, and lipids: one-year randomized,
clinical trial. Hypertension 2014; 64(1):69–76. doi: 10.1161/HYPERTENSIONAHA.113.03353 PMID:
24799608
37. Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C. Adherence to the Mediterranean
diet attenuates inflammation and coagulation process in healthy adults: The ATTICA Study. J Am Coll
Cardiol 2004; 44(1):152–158. PMID: 15234425
38. Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G, et al. Effect of a mediterranean-
style diet on endothelial dysfunction and markers of vascular inflammation in the metabolic syndrome:
a randomized trial. JAMA 2004; 292(12):1440–1446. PMID: 15383514
Mediterranean Diet and Quality of Life
PLOS ONE | DOI:10.1371/journal.pone.0151596 March 23, 2016 11 / 12
39. Schiepers OJ, de Groot RH, Jolles J, van Boxtel MP. Fish consumption, not fatty acid status, is related
to quality of life in a healthy population. Prostaglandins Leukot Essent Fatty Acids 2010; 83(1):31–35.
doi: 10.1016/j.plefa.2010.02.030 PMID: 20207122
40. Silvers KM, Scott KM. Fish consumption and self-reported physical and mental health status. Public
Health Nutr 2002; 5(3):427–431. PMID: 12003654
41. Myint PK, Welch AA, Bingham SA, Surtees PG, Wainwright NW, Luben RN, et al. Fruit and vegetable
consumption and self-reported functional health in men and women in the European Prospective Inves-
tigation into Cancer-Norfolk (EPIC-Norfolk): a population-based cross-sectional study. Public Health
Nutr 2007; 10(1):34–41. PMID: 17212840
42. Poulose SM, Miller MG, Shukitt-Hale B. Role of walnuts in maintaining brain health with age. J Nutr
2014; 144(4 Suppl):561S–566S. doi: 10.3945/jn.113.184838 PMID: 24500933
43. Lopez-Garcia E, Leon-Munoz L, Guallar-Castillon P, Rodriguez-Artalejo F. Habitual Yogurt Consump-
tion and Health-Related Quality of Life: A Prospective Cohort Study. J Acad Nutr Diet 2014.
44. Guallar-Castillon P, Rodriguez-Artalejo F, Lopez-Garcia E, Leon-Munoz LM, Amiano P, Ardanaz E,
et al. Consumption of fried foods and risk of coronary heart disease: Spanish cohort of the European
Prospective Investigation into Cancer and Nutrition study. BMJ 2012; 344:e363. doi: 10.1136/bmj.
e363 PMID: 22275385
45. Grunert KG, Dean M, Raats MM, Nielsen NA, Lumbers M. A measure of satisfaction with food-related
life. Appetite 2007; 49(2):486–493. PMID: 17481776
46. Dean M, Grunert KG, Raats MM, Nielsen NA, Lumbers M. The impact of personal resources and their
goal relevance on satisfaction with food-related life among the elderly. Appetite 2008; 50(2–3):308–
315. PMID: 17913297
47. Fito M, Guxens M, Corella D, Saez G, Estruch R, de la Torre R, et al. Effect of a traditional Mediterra-
nean diet on lipoprotein oxidation: a randomized controlled trial. Arch Intern Med 2007; 167(11):1195–
1203. PMID: 17563030
48. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, et al. Primary prevention of cardiovas-
cular disease with a Mediterranean diet. N Engl J Med 2013; 368(14):1279–1290. doi: 10.1056/
NEJMoa1200303 PMID: 23432189
Mediterranean Diet and Quality of Life
PLOS ONE | DOI:10.1371/journal.pone.0151596 March 23, 2016 12 / 12
